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@ Organic thin film element 

@ An organic thin film element has a structure in which an organic thin film layer (12), an insulating layer 
(14), and a back electrode (15) are sequentially formed on a substrate (11) obtained by forming an 
electrode (2), an insulating layer (3) and a layer (5) consisting of polycydic aromatic group nrtolecules or 
a derivative thereof or a cartwn layer having a graphite structure on the surface of a sul>strate main body 
(1). An effect of controlling the orientation of the organic thin film layer (12) can be enhanced by the 
surface layer (5) of the substrate (11) similar in chemical structure to molecules constituting the organk: 
thin film layer (12). A neutral-ionic transition of a complex can be effectively caused by an electric fi Id 
applied from the electrodes. 
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The present invention relates to an organic thin 
filnr) element 

In recent years, attention has been increasingly 
paid to molecular electronics using various physical 
properties of organic molecules to realize devices 
having novel functions not obtained by conventional 
semiconductor devices. For example, studies for 
applying organic molecules to a non-linear optical ele- 
ment, a switching element, and an electric-Heid light- 
emitting element have been actively made. From the 
viewpoint of the application of organic molecules to 
these elements, especially a charge-transfer 
phenomenon occum'ng between organic molecules 
has attracted attention. 

Organic materials consist of donor molecules 
each having a low ionization potential and a tendency 
to give an electron to another molecule to become a 
positive ion and acceptor molecules each having a 
high electron affinity and a tendency to receive an 
electron from another molecule. It is well known that 
a compound called a charge-transfer complex is for- 
med between these two types of nrolecules. For 
example, a compound of perylene and tetracyano- 
quinodimethane (TCNQ) consists of neutral 
molecules. On the other hand, a compound of tet- 
ramethylphenylenediamine (TMPD) and TCNQ is an 
ionic compound in which molecules of the respective 
substances become positive and negative ions. It is 
also known that a neutral-ionic transition phenome- 
non according to a change in temperature or pressure 
is observed in a compound of tetrathiafulvalene (TTF) 
and chloranil (CA) (J, B. Torrance et al.; Phys. Rev. 
Lett, 46,253(1981). 

To apply the charge-transfer phenomenon in 
organic molecules as the operational principle of an 
electrical or optical element, it is important to cause 
charge-transfer using an electricfield or light with high 
efHdency and controllability. Data of interest, relating 
to electrical characteristics of the charge-transfer 
complex, has recently been reported (Yoshiki Tokura 
etal.: Manuscripts for Meeting of the Physical Society, 
3a-S4-1, 3a-S4-2, 3a-S4-3, eta (Autumn 1988); Y. 
Tokura et al.; Physica 143B, 527 (1986)). Namely, it 
is reported that in a mixed stacked comjplex crystal in 
which donor molecules and acceptor molecules are 
stacked with their molecular planes facing each other, 
the anisotropy of relative dielectric constant is high, 
the relative dielectric constant in the direction of stack- 
ing is very hig h, i.e., 1 00 to 1 ,000, and nonlinear elec- 
tric conductivity or switching characteristics are 
observed under an elecbic field on the ord r of 1 0^ to 
1 0* V/cm. The reason for this is assumed that an ionic 
domain thermally or electrically formed in a neutral 
crystal or a n utral domain formed in an ionic crystal 
is dynamically moved by an electric field. 

This phenomenon, though relating to neutral-io- 
nic transition, occurs In a very local area, and no 
macroscopic change appears in the whole crystal. No 



macroscopic neutral-ksnic transitbn caused by an 
electric field or light has y t been realized. 

To cause a macroscopic neutral-ionic transition in 
a charge-transfer complex using an electric field, it is 

5 very important that the direction of the electricfield in 
an element coincides with the direction of a stacking 
axis of donor and acceptor moleculesf. To realize 
devices effectively using the characteristics of organte 
molecules as described above, control of a molecular 

10 structure on the order of a single nrKslecule in a film, a 
mutual arrangement t>etween neight>oring molecul s, 
and a molecular orientation is very important as w 11 
as dimensksns such as a film thickness and structural 
uniformity. 

15 Recently, as a method of manufacturing a very 

thin film having controlled molecular orientation and 
structure, a Langmuir-Blodgett (LB) method has 
become a big concem. In this method, monomolecu- 
lar films formed on a water surface are accumulated 

20 on a substrate one by one to form superiattice films of 
the same type or different types. Actually, however, a 
packing state or uniformity of molecules in a film 
developed on the water surface is poor, and a mono- 
molecular film structure is disturbed when it is 

25 accumulated on the substrate. Therefore, this method 
has not yet reached the level capable of forming a 
superiattice thin film having a controlled molecular 
brientatbn in the entire film or between the accumu- 
lated layers. To improve the fim formation techniques 

30 according to the LB method, it is necessary to d sign 
nrolecules suitable for the LB method and to establish 
a synthesizing technique for such molecules. 

On the other hand, as a technique requiring no 
specific molecular design and capable of being easily 

35 applied to most of organic molecules, a vacuum dep- 
osition method has been actively studied. In the 
vacuum deposition method, however, a mol cule 
evaporation source is temporarily gasified and aggre- 
gated again. Therefore, it is predicted that a film struo- 

40 ture or a molecular orientation variously changes 
depending on a balance between the supply rate of 
gasified molecules, the rate of surface diffusion or 
crystallizatksn of molecules deposited on a substrate 
surface and an interaction between adsorbed 

45 nwlecules and the sutjstrate surface. 

In the conventional studies about an organic 
deposited film, a thin film growth prDcess and a 
molecular orientation of mainly long-chain hydrocar- 
tx)n-based linear molecules or tabular molecules 

so such as phthalocyanine on various types of sut>s- 
trates have b en examined, A single-crystal alkali 
halide or a single-crystal metal, quartz, and an Si 
single crystal are mainly used as substrates to exec- 
ute evaluation using an lectron microscope or elec- 

55 tron-beam diffraction, optical evaluation, and 
electrical evaluation, respectively. As the d position 
conditions, influences of a sut>strate temperature and 
a deposition rate have t>een checked in many cases. 
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Vincett etal. in U.S.A. has reported thata uniform con- 
tinuous film can be formed by setting a substrate tem- 
perature (on the absolute temperature scale) to be 1/3 
the boiling point of a deposition material regardless of 
the types of the deposition material and the substrate. 5 
However, it is very difficult to control the orientation of 
an organic thin film deposited on a given substrate 
simply by setting proper deposition conditions. 

The following reports are known as researches on 
Influences of a substrate on the molecular orientation io 
of an organic thin film fonmed thereon. (1) Karl et al. 
in West Germany have reported that in a perylenetet- 
racart>oxy dianhydride deposition film of several 
molecular layers formed on a pure Si single-crystal 
surface^ molecular planes are oriented parallel to the is 
substrate surface. (2) Hara has reported, in the 
research on a phthalocyanine deposited film using a 
molecular-beam deposition method, that even under 
the conditions in that only a discontinuous film can be 
formed by normal high-vacuum deposition, a uniform 20 
continuous film in which molecular surfaces are orien- 
ted parallel to a substrate surface can be formed at a 
very low deposition rate of about 0.1 nm/min under 
vary high vacuum. In this research, to avoid lattice 
mismatching between an inorganic substrate and 25 
deposited organic crystals, Mo52 which is a layered 
compound is used as a substrate on the basis of the 
idea of Van der Waals epitaxy. (3) Harada et al. have 
reported that molecular planes are oriented parallel to 
a substrate surface in a pentacene deposited film of 30 
several molecular layers formed on a graphite sub- 
strate. 

Although the various types of studies have been 
made on thin film formation according to the vacuum 
deposition method as described above, control fac- 3S 
tors of the film structure and the molecular orientation 
have not yet been totally understood. 

The present inventors have made extensive 
studies with an emphasis on an interaction between 
a substrate and deposited molecules. As a result, the 40 
present inventors have found that when a film of 
aromatic group-based molecules is to be deposited, 
a uniform continuous film can be easily formed by 
using a high-orientation graphite substrate having 
high similarity to a deposited film in tenms of a chem- 45 
ical structure and an electronic structure and setting 
proper deposition conditions. In addition, it is 
assumed that a factor determining the orientation of 
an aromatic group-based molecules deposited, on a 
hfgh-orientatfon graphite substrate Is a Van der Waals so 
interaction occurring between it electrons on the sur- 
face of the graphite substrate and those of the aroma- 
tic group-based molecules. That is, it is assumed that 
the molecules are stabilized most in terms of energy 
by this Interaction while their main molecular planes ss 
are oriented parallel to the substrate. However, it is 
difficult to form an el m nt as an I ctronic r optical 
device using a graphite substrate. 



As described above, to cause a neutral-ionic tran- 
sition according to an electricfield in a charge-transfer 
complex of donor and acceptor molecules, the direc- 
tion of stacking axis of the complex must coincide with 
the application direction of the electricfield. However, 
it is very difficult to control the orientation of an organic 
thin film on a given substrate simply by setting proper 
thin film fonmation conditions. If a graphite substrate 
is used and the formation conditions of an organic th'n 
film are properly set, the orientation of the organic thin 
film can be easily controlled. However, it is difficult to 
form an element as an electronic or optical device 
using a graphite substrate. 

It is an object of the present invention to provide 
an organic thin film element in which the structure and 
the orientation of an organic thin film can be controlled 
regardless of the material of a substrate and the typ 
of stacking structure of layers and which can be put 
into practical use as a display element or the like. 

According to the present invention, there is pro- 
vided an organic thin film element comprising a ^b- 
strate and an organic thin film layer formed on th 
substrate and containing donor and acceptor 
molecules, wherein the substrate comprises a sut>- 
strate main body and a layer consisting of polycydic 
aromatic group molecules or a derivative thereof or a 
carbon layer having a graphite structure is form d on 
the surface of the substrate main t>ody. 

According to the organic thin film element of the 
present invention, since the surface of the substrate 
consist of the polycydic aromatic group molecules or 
the derivative thereof or the carbon layer having a 
graphite structure any of which has a controlled orien- 
tation, the orientation of the organic thin film layer for- 
med on the substrate surface is improved. As a result, 
a neutral-ionic transition of a charge-transfer complex 
in the organic thin film layer can be effectively control- 
led by an electricfield. Such an effect of controlling the 
molecular orientation of an organic thin film layer can 
be applied to any device using an organic thin film 
such as a display element, a non-linear optical ele- 
ment, a switching element, an electric field light-«rhi- 
tting element, and an optical information recording 
medium. 

This invention can be more lully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 
Fig. 1 is a sectional view showing an organic thin 
film element according to the present invention; 
Fig. 2 Is a sectional view showing another organic 
thin film element according to the present inven- 
tion; and 

Fig. 3 is a sectional view showing an organic thin 
film display el ment according to the present 
Invention. 

The present Invention will be described in more 
d tail below with reference to the accompanying 
drawings. 
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An organic thin film element of the present inven- 
tion basically has a structure in which an organic thin 
film containing both donor and acceptor molecules is 
formed on a substrate (on the surface of which a layer 
consisting of polycyclic aromatic group molecules or 5 
a derivative thereof or a carbon layer having a 
graphite staicture is formed). Note that in a practical 
element a substrate is used which an electrode, an 
insulating layer, and the layer consisting of polycyclic 
aromatic group n>oIecuIes or a derivative thereof or io 
the carlx)n layer having a graphite stmcture are for- 
med on a substrate main body, and the organic thin 
film layer, an insulating layer, and a back eiectrode 
are sequentially formed thereon. The organic thin film 
layer may have a superiattice structure, is 

In the present invention, the material of the sut>- 
strate main body Is not particulariy limited but may be, 
e.g., a metal, a semiconductor (including those having 
circuits or junctions), a dielectric, and quartz. Exanv 
ples of the electrode to be fomned on the surface of 20 
substrate main body are a metal thin film and an ITO 
(indium tin oxide). When an insulating layer Is fomied 
on the electrode surface, this insulating layer func- 
tions to effectively apply an intense electric field on 
the organic thin film layer. That is, in general, as the 25 
intensity of an electric field to be applied to an organic 
thin film layer is increased, an amount of a current 
flowing through the organic thin film layer is largely 
increased. Therefore, the intensity of an electric field 
Is limited to a certain level. On the other hand, when 30 
an Insulating layer is formed between the electrode 
and the organic thin film layer, an amount of a current 
flowing through the organic thin film layer is not 
increased even if an intense electric field is applied. 
Therefore, an intense electric field can be effectively 35 
applied to the organic thin film layer to effectively 
cause charge transfer. Examples of the insulating 
layer are SiO^. SrTiOs- and an organic polymer. To 
apply a higher electric field to the organic thin film 
layer, it is preferred to use an insulating material hav- 40 
ing a relative dielectric constant of 1 0 or more, e.g., a 
fen-oelectric such as SrTiOa. 

In addition, to form a carbon layer having a 
graphite structure on the surface of the substrate main 
body, it is preferred to form a thin film underiayer con- 4S 
sisting of a transition metal having d or f electrons 
such as R, Pd, Ni, Ir, Rh, Co, Os, Ru, Fe, Re, Pr, Nd, 
Sm, Eu, Gd. Tb, Dy, Ho, or Yb or a transition metal 
carbide such as WC, TiC, TaC, or HfC. 

In the present invention, examples of the pdycyc- so 
lie aromatic gr up nx>lecules and th derivative 
thereof constituting the surface layer of the substrate 
are a berizeno id-based condens d aromatic group, a 
bicydic or polycydic ring group, a non-benzenoid-ba- 
sed aromatic group, a het rocydic aromatic group, a ss 
condensed aromatic group derivative, a rr^acrocycllc 
aromatic group, and an aromatic group-based 
polymer. 



Examples f the benzenoid-based c ndensed- 
aromatic group are naphthalene, anthracene, pen- 
tacene, hexacene, heptaphene, triphenyiene, benzia]. 
anthracene, chrysene, benzo[c]phenanthrene, pice- 
ne, dibenzta,j]anthracene, dibenz[a,c]anthracene, di- 
benzla,h]anthracene, naphth[2,3-a]anthracene, na- 
phth[2,1-a]anthracene, benzo[a]naphthacene, naph- 
tho[2,3-a]naphthacene, dibenzo[a,l]naphthacene, di- 
benzo[a,j]naphthacene, dibenzo[c,g]phenanthrene, 
pyrene, perylene, 1,12-benzopyrene, naphtho [2,1-a] 
pyrene, dinaphthoanthracene, teryiene, quarteryiene, 
benzo[a]pyrene, benz[e]pyrene, [18]annuiene, 2,3;8, 9- 
dibenzoperylene, anthracen[2,1-a]anthracene, phenan- 
thren[2.3-alanthracene, tribenzla,c.h]anthracene, na- 
phtho[2,3-a]pyrene, dibenzo[a,i]pyrene, dibenzG[a,I] 
pyrene, cedrene, anthantholene, tetrabenzonaphtha- 
lene, coronene, tetrabenz[a,c.h j]anthracene, pyran- 
threne, bisanthrene, berizobisanttirene, 1,2;7, 8-di- 
benzocoronene, 2,3;8,9-dibenzocoronene, ova-len , 
hexabenzocoronene, trit)en2o[a,i,l]pyrene, vio- lan- 
threne, tetrabenzo[a,cd,j,lm]peryiene. diphenanthro- 
perylene, anthrabenzonaphthopentacene, 1,9,5, 10- 
diperynaphthyleneantiiracene, dinaphtho|7',1' ;1, 13; 
1" ,7" ;6.8]peropyrene, decabenzanthracene. and 
diphenylenenaphthacene. Examples of the ring group 
are biphenyi, terphenyl, and quarterphenyi. Examples 
of the non-benzenoid-based aromatic group are 
fluorene, fluoranthene, decacyciene, diindeno[1,2,3- 
cd;r ,2' ,3'-lm]perylene, and azulene. Examples of 
the heterocydic aromatic group are carbazde. 
acridine, phenazine, and thianthrene. Examples f 
the condensed aromatic group derivative are 
perylenequinone, violanthrpne, isoviolanthrone, na- 
phthalic anhydride, naphthalenetetracartwxylic dian- 
hydride, and peryleneteb*acartx3xylic diarihydride. 
Examples of the macrocydic aromatic group are k o- 
lene, phthalocyanine, and porphyrin. Examples of Uie 
aromatic group-based polymer are pdypara- 
phenylenevinylene, polyimide, polyamide, polyoxa- 
diazde. and polybenzimidazole. 

Note that, when these polycydic aromatic group 
molecules and their derivatives independentiy have 
donor or acceptor properties, the donor or acceptor 
properties are too weak to be put into practical use. 

The substrate surface layer consisting of polycyc- 
lic aromatic molecules or a derivative thereof can be 
formed by a vacuum deposition nr^ethod, an adsorp- 
tion metiiod, an LB method, a method of fonming a film 
via a chemical bonding, or a heat polyn)erization 
method. Charged partides may be radiated on a fflm 
formed by these methods. 

More specifically, the adsorption method 
includes, e.g., a method in which a substrate main 
body is dipped in a solution of polycydic aromatic 
group molecules or a derivativ thereof and a solvent 
Is evaporated; and a method in which a substrate 
main body is left to stand in a vapor of polycydic 
aromatic group md cules or a derivative thereof. 
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When the LB method is to be used, a derivative 
is synthesized by introducing at least one 
hydrophobic group to polycydfc aromatic group 
molecules, and a substrate main body is subjected to 
a hydrophobic treatment beforehand. A solution of the 
polycyclic aromatic group molecular derivative is 
dropped on a water surface to develop a mono- 
molecular film, and the developed monomdecular 
film is compressed and accumulated on the substrate 
main body by either a horizontal adhesion method or 
a vertical dipping method. In this method, by setting 
the number of hydrophobic groups and the surface 
pressure of the monomolecular film to be proper 
values, a layer in which main molecular planes of the 
polycyclic aromatic molecules are oriented parallel to 
the surface of the substrate main body can be formed. 

An example of the method of fomiing a film via a 
chemical t}onding is a method in that a sitane deriva- 
tive of polycydfc aromatic group molecules is used to 
cause a condensation reaction with hydroxy! groups 
on the sur^ceof an insulating layer (e.g^ SiOJ on the 
substrate main body, thereby forming a film consisting 
of the polycydic aromatic group molecular derivative. 
Especially when a plurality of functional groups for 
causing the condensation reaction are introduced to 
the polycydic aromatic group molecules, the nKalecu- 
lar planes of the polycyclic aromatic group molecules 
can be easily oriented parallel to the substrate main 
body. Examples of the polycyclic aromatic group 
molecular derivative usable in the present invention 
are a chtorosilane derivative such as a dichloro- 
dimethylsilyl derivative, a dichlorodiphenylsilyl deriva- 
tive, a trichlorosilyl derivative, a bis(trichlarosilyl) 
derivative, a tris(trichlorosilyl) derivative, and a tet- 
rakis(trichlorosilyl) derivative. In addition, a derivative 
obtained by introducing a titanate coupling agent or a 
metal complex surface modifier used in a metal sur- 
face treatment to polycydic aromatic group molecules 
can t>e used. To the contrary, the surface of a sut>- 
strate main bo6y may be nKxJified by a YRSiXs-type 
silane coupling agent containing an epoxy group or an 
amino group to cause the condensation reaction with 
polycyclic aromatic group molecules or a derivative 
thereof. 

In the heat polymerization method, after a film 
consisting of a crosslinking polycyclic aromatic group 
molecular derivative, a film mixture of polycyclic 
aromatic group molecules or a derivative thereof with 
a crosslinking agent, or a film of an aromatic group 
polymer is formed on a substrate main body, a heat 
treatment is performed to polymerize or condense the 
molecules in the film, thereby f mning a larger 
polycyclic aromatic group molecular skeleton. 

When charged partides are radiated on a film for- 
med by a method except for the heat polym rization 
method, polycondensation between the molecules is 
accelerat d to form a larger polycydic aromatic group 
molecular skeleton. Examples of th charged parti- 



cles are an electron beam, an ion beam, and plasma. 
When charged particles are us d, m lecules can ffn 
cientiy undergo polycondensation without requiring a 
high temperature unlike in the heat polymerization. In 

5 addition, by radiating a patterned beam of charged 
partides, a predetenmined pattern of a film having a 
larger polycydic aromatic group molecular skeleton 
can be formed, and a pattem of an organic thin film 
layer can be fomned thereon so as to be self-aligned 

10 therewith. 

The carbon layer having a graphite structure Is 
formed by adsorbing hydrocarbon on the surface of 
the substrate main body and thermally decomposing 
the adsorbed hydrocarbon. Such a thenmal structural 

15 change In the surface-adsorbed species is reported 
by Lang et al. ("Surface Science", 53, (1975) 317). In 
this case, if a thin film of a transition metal or a tran- 
sition metal carbide is fomned on the surface of the 
substrate rhain body as described above, the thermal 

20 structural change in adsorbed hydrocarbon can be 
accelerated. More specifically, when several tens to 
several hundreds Langmuir of hydrocarbon gas such 
asetiiylene oracethylene are adsorbed at a substrate 
temperature of 500 to 1,500 K. a dehydrogenation 

25 reaction progresses to form a carbon layer having a 
graphite structure. 

By these methods, polycydic aromatic group 
molecules or carbon layer having a graphite structure 
can be formed on the surface of the substrate main 

30 body with their molecular planes oriented parallel to 
the surface of the su titrate main body. As a result, a 
surface structure similar to the deavage plane of a 
graphite single crystal can be obtained. 

In the present invention, as the organic thin film 

35 containing both the donor and acceptor molecules, a 
mixed stacked charge-transfer complex crystal In 
which the molecules are stacked with their molecula 
planes facing each other is preferably used. Wh n the 
mixed stacked charge-transfer complex is used, a 

40 structure in which the donor and acceptor molecules 
are alternately stacked is automatically constructed 
during a film growth step, thereby increasing the effn 
ciency of charge transfer. 

Examples of the mixed stacked charge-transfer 

45 complex are phenothiazine-TCNQ, tetradiami- 
nopyrene-TCNQ, TTF-chloranii, TTF-fluoranil, diben- 
zoTTF-TCNQ, diethyldimethyltetraselenafulvalene- 
diethylTCNQ, tetradiaminopyrene-fluoranii, TTF-di- 
chlorodicyanobenzoquinone. perylene-tetracyano- 

50 etiiylene, peryiene-TCNQ. TTF-dinib*obenzene, pery- 
iene-chloranil, pyrene-tetracyanoethyiene, pyrene- 
chloranit, anthracene-chi ranil, hexamethylbenzene- 
chloranil. naphthalene-tetracyancethylene, anthra- 
cene-pyromellitic dianhydride, anthracene-tetracya- 

55 nobenzene, and phenanthrene-pyromellitic dianhyd- 
ride. 

If the thickness of the organic thin film layer con- 
taining both the donor and acceptor molecules Is 
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large, the lev I of an effective electric field to be 
applied to the film is decreased by an electric field for- 
med by carriers generated in the film. However, if the 
thickness of the film is its Debye length (about 30 nm) 
or less, the decrease of the electric field formed by the 5 
cam'ers can be prevented. In addition, if the complex 
is ionic, by reducing contribution of a Madelung 
energy term of complex stabilizing energy by decreas- 
ing the film thickness, the complex trans its to be neut- 
ral. Therefore, the charge-transfer state of the io 
complex can be set dose to boundary conditions of 
transition. 

The organic thin film layer may have a superlat- 
tice structure in which a plurality of complex layers 
and layers consisting of polycydic aromatic are is 
stacked. With this structure, changes in neutral-ionic 
states of the plurality of complexes can be contrdled 
by a voltage change. 

In the present invention, when an insulating layer 
is to be formed on the organic thin film layer, an 20 
organic polymer film is preferably formed by the 
vacuum deposition method to prevent the organic thin 
film from being adversely affected. A metal thin film or 
the like can be used as the back electrode. 

In the organic thin film element of ttie present 2S 
invention, a layer in that main nxDlecular planes of 
polycydic aromatic group molecules, on the molecu- 
lar planes of which n electrons spread, are oriented 
parallel to the substrate main body, or a carbon layer 
having a graphite structure is formed. Therefore, a 30 
surface electron structure similar to the deavage 
plane of a graphite single crystal can be obtained on 
a given substrate main body. In addition, since the 
chemical structure of the substrate surface is similar 
to that of the molecules constituting the organic thin 35 
film layer formed on the substrate, an effect of control- 
ling the orientation of the organic thin film layer is enh- 
anced. Therefore, since the neutral-ionic transition in 
a comp>lex can be effectively caused by an electric 
field, an organic thin film element which can be put 40 
into practical use as, e.g., a display element can be 
provided. Similarly, by arbitrarily setting the electrical 
characteristics or the optical characteristics of the 
sut)strate main body, an organic thin film element hav- 
ing desired functions can be manufactured. 45 

The structures and the operational principles of 
the organic thin film elements according to the present 
invention will be briefly described below. 

(a) Display Element so 

A display element according to the present inven- 
tion has a structure in that an organic thin film layer, 
an insulating layer, and a back electrode are sequen- 
tially formed on a substrate constituted by a transpa- 55 
r nt substrat main body, a transparent lectrode, an 
insulating lay r, and a layer consisting f polycydic 
aromatic group nrolecules or a derivative thereof or a 



carbon layer having a graphite structure. In this dis- 
play element, an electric field is applied from the elec- 
trodes to the organic thin film layer. As a result, since 
a mixed stacked charge-transfer complex constituting 
the organic thin film layer is caused to transit from a 
neutral to ionic state to change its light absorption 
wavelength, a display function can be obtained. 

(b) Field-Effect Transistor (FET) 

An FET according to the present invention has a 
basic structure in that a gate insulating film, a lay r 
consisting of polycydic aromatic group mdecules or 
a derivative thereof or a carbon layer having a 
graphite structure, an organic thin film layer, and a 
gate electrode are sequentially formed on a channel 
region defined between source and drain regbns for- 
med on the surface of a semiconductor substrate. 

In this FET, when a gate vdtage is gradually 
increased, a mwed stacked charge-transfer complex 
constituting the organic thin film layer transits from a 
neutral to k»nic state at a certain voltage level to 
abruptiy increase a drain current As a result, a switch- 
ing functk>n is obtained. 

Note that in either of the above two devices, a 
multi-value display or switching function can be 
obtained by adopting a superiattice structure in th 
organic thin film layer. 

The present invention will be described in more 
detail below by way of its examples. In the following 
examples, organic thin film layers having structures 
shown in Figs. 1 to 3 are formed. 

In the organic thin film element shown in Fig. 1, a 
layer 5 which is either a layer consisting of polycydk; 
aromatic group molecules or a derivative thereof or a 
carbon layer having a graphite structure is fomned on 
the surface of a substrate main body 11, and an 
organic thin film layer 12 is formed thereon. 

The organic thin film element shown in Fig. 2 has 
a superiattice structure In that a layer 5 consisting of 
polycydic aromatic group molecules or a derivative 
thereof is formed on the surface of a substrate main 
body 11, and a first organic thin film layer 12, a layer 
5 consisting of a pdycydic aromatic group mdecules 
or a derivative thereof, and a second organic thin film 
layer 1 3 are sequentially formed thereon. 

In the organ k: thin film element shown in Fig. 3, 
an electrode2, an insulating layers, andalayerwhich 
is either a layer consisting of pdycydic aromatk: 
group molecules or a derivative thereof or a cartx>n 
layer 5 having a graphite structure are formed on the 
surface of a substrate main body 11, and an organk; 
thin f3m layer 12, an insulating layer 14, and a back 
el ctrode 15 are sequentially formed. 

Exam pi 1 

A decacydene film having a film thickness of 
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about 1 0 nm was formed on an Si substrate main body 
at a substrate temp rature of 50*^0 by a vacuum d p- 
osition method. A TCNQ film having a film thickness 
of about 100 nm was fomied on the resultant sub- 
strate by the vacuum deposition method. 5 

When the film was observed by a scanning elec- 
tron microscope (SEM), it was confirmed that a 
unifonm continuous film in which the size of one 
domain reached 10 |im was formed. In addition, the 
orientation of the fflm was checked by an X-ray diffirao- io 
tion method. As a result, it was confinmed that molecu- 
lar planes on one side of TCNQ crystal unit cells 
having a herring t>one structure were onented parallel 
to the substrate surface. 

15 

Example 2 

A violanthrene film having a film thickness of 
about 5 nm was formed on an Si substrate main body 
at a substrate temperature of 55°C by the vacuum 20 
deposition method. A phthalocyanine film having a 
film thickness of at>out 500 nm was formed on the 
resultant substrate by the vacuum deposition method. 

When the fUm was observed by the SEM. it was 
confirmed that a uniform continuous film in which the 2S 
size of one domain reached 10 ^m was fonmed. In 
addition, the orientation of the film was checked by the 
X-ray diffraction method. As a result, it was confirmed 
that molecular planes on one side of phthalocyanine 
crystal unit cells having a herringbone structure were 30 
oriented parallel to the substrate surface. 

Example 3 

A violanthrene film having a film thickness of 3S 
atKDut 5 nm was fonmed on an Si substrate main body 
at a substrate temperature of 55*0 by the vacuum 
deposition method- A phenothiazine-TCNQ film hav- 
ing a film thickness of at>out 10 nm was fonmed on the 
resultant substrate by the vacuum deposition method. 40 

When the film was obsen/ed by the SEM, it was 
confirmed that a uniform continuous film in which the 
size of one domain reached 10 ^m was formed. In 
addition, the orientation of the film was checked by the 
X-ray drfTraction method. As a result, it was confinmed 45 
that molecular planes of complex crystal unit cells 
were oriented substantially parallel to the substrate 
surface. 

Example 4 so 

A violanthrene film having a film thickn ss of 
about 5 nm was fonmed on an Si substrate main body 
at a substrate temperature of 55°C by the vacuum 
deposftton method. A TCNQ film having a film thick- 55 
ness of about 100 nm, a violanthrene film having a film 
thickness of about 5 nm, and a phenothiazine-TCNQ 
film having a film thickness of at>out 10 nmwer for- 



med on the resultant substrate by the vacuum deposi- 
tion method. 

When the film was observed by the SEM, It was 
confinmed that a unifonm continuous film was formed 
throughout several ^im. In addition, the orientation of 
the film was checked by the X-ray diffraction method. 
As a result, it was confirmed that molecular planes of 
complex crystal unit cells were oriented substantially 
parallel to the substrate surface. 

Example 5 

An S( substrate main body was dipped in a 
toluene solution of coronene and heated at 80°C to 
evaporate the solvent, thereby forming a coronene 
film. A phenothiazlne-TCNQ film having a film thick- 
ness of about 30 nm was formed on the resultant sut>- 
strate at a substrate temperature of 50*C by the 
vacuum deposition method. 

When the film was observed by the SEM, it was 
confirmed that a uniform continuous film in which th 
size of one domain reached 1 0 was formed. In 
addition, the orientation of the film was checked by the 
X-ray diffraction method. As a result all molecular 
planes of a phenothiazine-TCNQ com pi ex were orien- 
ted substantially parallel to the substrate surface. 

Example 6 

An Si substrate main body was dipped in a 
toluene solution of coronene and heated at SO^'C to 
evaporate the solvent, thereby forming a coronene 
film. A violanthrene film having a film thickness of 2 
nm and a phenothiazlne-TCNQ film having a film 
thickness of about 30 nm were formed on the resultant 
substrate at a substrate temperature of SO'^C by the 
vacuum deposition method. 

When the film was observed by the SEM, it was 
confinmed that a uniform continuous film in which the 
size of one domain reached 10 |im was formed. In 
addition, the orientation of the film was checked by the 
X-ray diffraction method. As a result, all molecular 
planes of a phenothiazine-TCNQ complex were orien- 
ted substantially parallel to the substrate surface. 

Example/ 

An ITO transparent electrode having a film thick- 
ness of 400 nm and an Si02 film having a film thick- 
ness of 200 nm as an insulating layer were fonmed on 
a quartz substrate main body. The resultant substrate 
was dipped in a toluene solution of coronene and 
heated at 80*C to evaporate the solvent, thereby 
forming a coronene film. A violanthrene film having a 
film thick ness of 2 nm and a phenothiazine-TCNQ 
film having a film thickness of about 30 nm wer for- 
med on th substrate at a substrat temperature f 
50**C by the vacuum dep sition method. In addition. 
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a polyisobutylmethacryfate film having a film thick- 
ness of 20 nm as an insulating layer and an Au semit- 
ransparent electrode having a film thickness of 25 nm 
were formed on the phenothiazine-TCNQfilm to man- 
ufacture an organic thin film dement. 5 

When no voltage was applied, the organic thin 
film layer of this element exhibited an orange color. 
When a voltage was applied to the organic thin film 
layer, the color of the layer changed to dark red at a 
voltage of about 30 V. io 

Example 8 

An Si substrate main bod/ was left to stand in a 
hexamethyidlsilazane vapor phase for a hydrophobic is 
treatment A monomolecularfilm containing tetra t-bu- 
tylphthalocyanine and octadecane at a mixing ratio of 
1 : 4 was developed on a water surface, and three 
layers of this monomolecularfilm were accumulated 
on the substrate main tKxJy. A phenothiazine-TCNQ 20 
film having a film thickness of about 30 nm was for- 
med on the resultant substrate at a substrate tem- 
perature of SO^'C by the vacuum deposition method. 

When the film was observed by the SEM, it was 
confirmed that a uniform continuous film in which the 25 
size of one domain reached 10 iim was formed. In 
addition, the orientation of the film was checked by the 
X-ray diffraction method. As a result, it was confimned 
that all molecular planes of a phenothiazine-TCNQ 
complex were oriented substantially parallel to the 30 
substrate surface. 

Example 9 

An Si substrate main body was left to stand in a 3S 
hexamethyldisilaicane vapor phase for a hydrophobic 
treatment A mononxjlecular film containing tetra t-bu- 
tylphthalocyanine and octadecane at a mixing ratio of 
1 : 4 was developed on a water surface, and three 
layers of this monomolecular film were accumulated 40 
on the substrate main body. A violanthrene film hav- 
ing a film thickness of 3 nm and a phenothiazine- 
TCNQ film having a film thickness of about 30 nm 
were formed on the resultant substrate at a substrate 
temperature of 55**C by the vacuum deposition 4S 
method. 

When the film was observed by the SEM, it was 
confinmed that a uniform continuous film in which the 
size of one domain reached 10 ^m was fomned. In 
additk>n, the orientation of the film was checked by the so 
X-ray diffraction method. As a result, it was confirmed 
that all molecular planes of a phenothiazine-TCNQ 
complex were oriented substantially parallel to the 
substrate surface. 

55 

Example 10 

An ITO transparent electrode having a film thick- 
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ness of 400 nm and an SiOj film having a film thick- 
ness of 200 nm as an insulating layerwere fonmed on 
a quartz substrate main t>ody. A monomolecular fOm 
containing tetra t-butylphthalocyanine and 
octadecane at a mbcing ratio of 1 : 4 was developed 
on a water surface, and three layers of this mono- 
molecularfilm were accunmilated on the resultant sut>- 
strate. A violanthrene film having a film thickness of 3 
nm and a phenothiazine-TCNQ film having a film 
thickness of about 30 nm were fonmed on the sut>- 
strate at a substrate temperature of SS^'C by the 
vacuum deposition meithod. In addition, a 
polyisobutylmethacrylate fUm having a film thickness 
of 20 nm as an insulating layer and an Au semitrans- 
parent electrode having a film thickness of 25 nm 
were fonmed on the phenothiazine-TCNQ film to man- 
ufacture an organic thin film element 

When no voltage was applied, the organic thin 
film layer of this element exhibited an orange color. 
When a voltage was applied to the organic thin film 
layer, the color of the layer changed to dark iBd at a 
voltage of about 30 V. 

Example 11. 

An Si substrate main body was left to stand in a 
btstrichlorosilylpyrene vap>or phase for a surface treat- 
ment A TTF-chloranil film having a film thickness of 
at>out 30 nm was formed on the resultant substrat by 
the vacuum deposition niethod. 

When the film was observed by the SEM, it was 
confirmed that a uniform continuous film in which the 
size of one domain reached 10 nm was formed. In 
addition, the orientation of thefilm was checked by th 
X-ray diffraction method. As a result, it was confirmed 
that molecular planes of both the TTF and chloranil 
molecules were oriented substantially parallel to the 
substrate surface. 

Example 12 

An ITO transparent electrode having a film thick- 
ness of 400 nm and an Si02 film having a film thick- 
ness of 1 50 nm as an insulating layerwere fonried on 
a quartz substrate main body. The resultant substrate 
was subjected to a surface treatment in a bis- 
trichlorosilylpyrene vapor phase. A TTF-chloranil fHm 
having a film thickness of about 30 nm was fonrod on 
the substrate by the vacuum deposition method. In 
addition, a polyisobutylmethacrylate film having a fBm 
thickness of 20 nm as an insulating layer and an Au 
semitransparent electrode having a film thfckness of 
20 nm were formed on the TTF-chloranil film to man- 
ufactur an organic thin film element 

When no voltage was applied, the organic thin 
fDm lay r of this element exhibited a yellow color. 
When a voltage was applied to the organic thin f^m 
lay r, the col r of the layer changed to red at a voltage 
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of about 50 V. 
Example 13 

An ITO transparent electrode having a film thick- 
ness of 400 nm and an SrTiOs film having a film thick- 
ness of 200 nm as an insulating layer were formed on 
a quartz substrate main body. The resultant substrate 
was subjected to a surface treatment in a bis- 
trichlorosiiylpyrene vapor phase. A TTF-chloranil film 
having a film thickness of about 30 nm was formed on 
the substrate by the vacuum deposition method. In 
addition, a polyisobutylmethacrytatefiim having a film 
thickness of 20 nm as an insulating layer and an Au 
semitransparent electrode having a film thickness of 
20 nm were formed on the TTF-chloranil film to man- 
ufacture an organic thin film element 

When no voltage was applied, the organic thin 
film layer of this element exhibited a yellow color. 
When a voltage was applied to the organic thin film 
layer, the color of the layer changed to red at a voltage 
of about 25 V, 

Example 14 

An Si substrate main body was subjected to a sur- 
face treatment in a y-aminopropyltriethoxysilane 
vapor phase. Pery1enetetracart}Oxy1ic dian hydride 
was depK>sited on the resultant substrate by the 
vacuum deposition method, and the substrate was 
heated up to about TO'^C to cause a condensation 
reaction and redissociation of non-condensed 
molecules. Thereafter, a TTF-chloranil film having a 
film thickness of at)out 30 nm was fomrted. 

When the film was observed by the SEM, it was 
confirmed that a uniform continuous film in which the 
size of one domain reached 10 |im was formed. In 
addition, the orientation of the film was checked by the 
X-ray diffraction method. As a result, it was confimied 
that molecular planes of both the TTF and chloranil 
molecules were oriented parallel to the substrate sur- 
face. 

Example 15 

An ITO transparent electrode having a film thick- 
ness of 400 nm and an Si02film having a film thick- 
ness of 1 50 nm as an insulating layer were fonmed on 
a quartz substrate main body. The resultant substrate 
was subjected to a surface treatment in a ^-aminop- 
ropyltriethoxysilane vapor phase. Perylenetetracar- 
boxylic dianhydride was deposited on the resultant 
substrate by the vacuum deposition method, and the 
substrate was heated up to about 70**C to cause a 
condensation reaction and re-dissociation of non- 
condensed molecules. Thereafter, a TTF-chloranil 
film having a film thickness of about 30 nm was for- 
med. In addition, a polyisobutylmethacrylate film hav- 



ing a film thickness of 20 nmas an insulating layer and 
an Au semitransparent electrode having a film thick- 
ness of 20 nm were formed on the TTF-chloranil film 
to manufacture an organic thin film element 
5 When no voltage was applied, the organic thin 

film layer of this organic thin film element exhibited a 
yellow color. When a voltage was applied to the 
organic thin film layer, the color of the layer changed 
to red at a voltage of about 50 V. 

10 

Example 16 

An ITO transparent electrode having a film thick- 
niess of 400 nm and an SrTiOg film having a film thick- 

15 ness of 200 nm as an insulating layer were formed on 
a quartz substrate main body. The resultant substrate 
was subjected to a surface treatment in a y-aminop- 
ropyltriethoxysilane vapor phase. Peryleneletracar- 
boxylic dianhydride was deposited on the resultant 

20 substrate by the vacuum depoisition method, and the 
substrate was heated up to about 70^0 to cause a 
condensation reaction and re-dissociation of non- 
condensed molecules. Thereafter, a TTF-chloranil 
film having a film thickness of about 30 nm was for- 

25 med. In addition, a polyisobutylmethacrylate film hav- 
ing afilm thickness of 20 nm as an insulating layer and 
an Au semitransparent electrode having a film thick- 
ness of 20 nm were formed on the TTF-chloranil film 
to manufacture an organic thin film element 

30 When no voltage was applied, the organic thin 

film layer of this element exhibited a yellow color. 
When a voltage was applied to the organic thin film 
layer, the color of the layer changed to red at a voltage 
of about 25 V. 

35 

Example 17 

A perylenetetracarboxylic dianhydride film having 
a film thickness of 20 nm was formed on an Si sub- 

40 strate main t>ody, and the resultant substrat was 
heated up to 550^0 in an argon atrrK^sphere. As a 
result, most of the film changed to polyperynaphtha- 
lene. A phenothiazine-TCNQ film having a film thick- 
ness of about 30 nm was formed on the resultant sut>- 

45 strate at a substrate temperature of 50*C by the 
vacuum deposition method. 

When the film was observed by the SEM, it was 
conflnnned that a uniform continuous film in which the 
size of one domain reached 10 ^m was formed. In 

50 additk>n, the orientation of the film was checked byth 
X-ray diffraction method. As a result, it was confinned 
that all molecular planes of a phenothiazine-TCNQ 
complex were oriented substantially parallel to the 
substrate surface. 

55 

Example 18 

A perylenetetracarboxylic dianhydridefilm having 
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a film thickness of 20 nm was formed on an Si sub- 
strate main t>ody, and the resultant substrate was 
heated up to 550^*0 in an argon atmosphere. As a 
result, most of the film changed to 
polyperynaphthalene, A violanthrene film having a 
film thickness of about 2 nm and a phenothiazine- 
TCNQ film having a film thickness of at>out 30 nm 
were formed on the resultant substrate at a substrate 
temperature of 50*'C by the vacuum deposition 
method. 

When the film was obsen/ed by the SEM. it was 
confimned that a uniform continuous film in which the 
size of one domain reached 10 pan was fomied. In 
addition, the orientation of the film was checked by the 
X-ray diffraction method. As a result, it was confirmed 
that all molecular planes of a phenothiazine-TCNQ 
complex were oriented substantially parallel to the 
substrate surface. 

Example 19 

An ITO transparent electrode having a film thick- 
ness of 400 nm and an Si02 film having a film thick- 
ness of 200 nm as an insulating layer were formed on 
a quartz substrate main body. A perylenetetracar- 
boxyilc dianhydride film having a film thickness of 20 
nm was formed on the resultant substrate, and the 
substrate was heated up to 550'*C in an argon atmos- 
phere. As a result, most of the film changed to 
polyperynaphthalene. A violanthrene film having a 
film thickness of at>out 3 nm and a phenothiazine- 
TCNQ film having a film thickness of about 30 nm 
were formed on the resultant substrate at a substrate 
temperature of SO^C by the vacuum deposition 
method. In additksn, a polyisobutylmethacrylate film 
having a film thickness of 20 nm as an insulating layer 
and an Au semitransparent electrode having a film 
thickness of 25 nm were formed on the phenothiazine- 
TCNQ film to manufacture an organic thin film ele- 
ment 

When no voltage was applied, the organic thin 
film layer of this element exhibited an orange color. 
When a voltage was applied to the organic thin film 
layer, the color of the layer changed to dark red at a 
voltage of at»out 30 V. 

Example 20 

An ITO transparent electrode having a film thick- 
ness of 400 nm and an SlOz film having a film thick- 
ness of 200 nm as an insulating layer w re fonmed on 
a quartz substrate main body. A co-deposition film 
consisting of ovalene and 1,4-ben- 
zenedimethyl chloride was formed on the resultant 
substrate, and a polycondensation film was formed in 
an argon atmosphere containing PCf 5 at a substrat 
temperature of 150**C. A violanthrene film having a 
film thickness of at>out 2 nm and a phenothiazine- 



TCNQ film having a film thickness of afc>out 30 nm 
wer formed on the resultant sufc>strate at a substrate 
temperature of 50^C by the vacuum deposition 
method. In addition, a polyisobutylmethacrylate f3m 
5 having a film thickness of 20 nm as an insulating layer 
and an Au semitransparent electrode having a film 
thickness of 25 nm were fonmed on the phenothia- 
zine-TCNQ film to manufacture an organic thin film 
element 

10 When no voltage was applied, the organic thin 

film layer of this element exhibited an orange color. 
When a voltage was applied to the organic thin film 
layer, the color of the layer changed to dark red at a 
voltage of about 30 V. 

15 

Example 21 

An ITO transparent electrode having a film thick- 
ness of 400 nm and an SiOz film having a film thick- 

20 ness of 200 nm as an insulating layer were formed on 
a quarts substrate main body. A polyoxadiazole film 
was formed on the resultant substrate by a cast 
method, and the substrate was subjected to a heat 
treatment at 900*^0 in a vacuum. A vkilanthrene film 

25 having a film thickness of about 2 nm and a phenothia- 
zine-TCNQ film having a film thickness of about 30 nm 
were formed on the resultant sut>strate at a substrate 
temperature of SO^C by the vacuum deposition 
method. In addition, a polyisotHitylmethacrylate film 

30 having a film thickness of 20 nm as an insulating layer 
and an Au semitransparent electrode having a fSm 
thickness of 25 nm were formed on the phenothia- 
zine-TCNQ film to manufacture an organic thin film 
element 

35 When no voltage was applied, the organic thin 

film layer of this element exhibited an orange color. 
When a voltage was applied to the organic thin film 
layer, the color of the layer changed to dark red at a 
voltage of about 30 V. 

40 

Example 22 

A perylenetetracart>oxylic dianhydride film having 
a film thickness of 50 nm was formed on an SI sul>- 

45 strate main body, and an argon ion beam was 
radiated at an acceleration energy of 3 MeV and a 
dose of lO^^crrr^ In a vacuum. A phenothiazine- 
TCNQ film having a film thickness of atxxjt 30 nm was 
formed on the resultant substrate at a substrate tenv 

50 perature of 50*^0 by the vacuum deposttion method. 

When the film was obs n^ad by the SEM, it vyas 
confinmed that a uniform continuous film in which the 
size of one domain reached 5 ^m was formed. In addh 
tion, the orientation of the film was checked by the X- 

55 ray diffraction method. As a result, it was confinmed 
that all molecular planes of a phenothiazine-TCNQ 
complex were oriented sutjstantially parallel to the 
substrate surface. 
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Example 23 

A perylenetetracarboxylic dianhydridefilm having 
a film thickness of 50 nm was formed on an Si sub- 
strate main body, and an argon ion beam was radiated 
at an acceleration energy of 3 MeV and a dose of 1 0^* 
cnrr2 in a vacuum. A violanthrene film having a film 
thickness of 2 nm and a phenothiazine-TCNQ film 
having a film thickness of about 30 nm was formed on 
the resultant substrate at a substrate temperature of 
50**C by the vacuum deposition method. 

When the film was observed by the SEM, it was 
confirmed that a uniform continuous film in which the 
size of one domain reached 10 nm was fonmed. In 
addition, the orientation of the film was checked by the 
X-ray diffraction method. As a result, it was confinmed 
that all molecular planes of a phenothiazine-TCNQ 
complex were oriented substantially parallel to the 
substrate surface. 

Example 24 

An ITO transparent electrode having a film thick- 
ness of 400 nm and an Si02 film having a film thick- 
ness of 200 nm as an insulating layer were formed on 
a quartz substrate main body. A perylenetetracar- 
boxylic dianhydride film having a film thickness of 50 
nm was formed on the resultant substrate, and an 
argon ton beam was radiated at an acceleration 
energy of 3 MeV and a dose of cnrr^ in a vacuum. 
A violanthrene film having a film thickness of 2 nm and 
a phenothiazine-TCNQ film having a film thickness of 
about 30 nm were formed on the resultant substrate 
at a substrate temperature of SO^'C by the vacuum 
deposition method. In addition, a polylsobutylmethac- 
rylate film having a film thickness of 20 nm as an 
insulating layer and an Au semitransparent electrode 
having a film thickness of 25 nm were fonned on the 
phenothiazine-TCNQ film to manufacture an organic 
thin film element 

When no voltage was applied, the organic thin 
film layer of this element exhibited an orange color. 
When a voltage was applied to the organic thin film 
layer, the color of the layer changed to dark red at a 
voltage of about 30 V. 

Example 25 

Adiindenoperylenefilm having a film thickness of 
50 nm was formed on an Si substrate main t}ody, and 
an electron beam was radiated at an acceleration volt- 
age of 20 kV. A violanthrene film having a film thick- 
ness of 2 nm and a phenothiazine-TCNQ film having 
a film thickness of at>out 30 nm was fonmed on the 
r sultant substrate at a sutsstrate temperature of SO^'C 
by the vacuum deposition method. 

When the film was observed by the SEM, it was 
confinmed that a unrfomi continuous film in which the 



size of one domain reached 10 pm was formed. In 
addition, the orientation of the film was checked the 
X-ray diffraction method. As a result, it was confirmed 
that all molecular planes of a phenothiazine-TCNQ 
5 complex were oriented substantially parallel to the 
substrate surface. 

Example 26 

io An ITO transparent electrode having a film thick- 

ness of 400 mn arid an Si02 film having a film'thick- 
ness of 200 nm as an insulating layer were form d on 
a quartz substrate main body. A diindenoperylene film 
having a film thickness of 50 nm was fonmed on the 

IS resultant substrate, and an electron beam was 
radiated at an acceleration voltage of 20 kV. A 
violanthrene film having a film thickness of 2 nm and 
a phenothiazine-TCNQ film having a film thickness of 
about 30 nm were formed on the resultant substrate 

20 at a substrate temperature of 50°C by the vacuum 
deposition method. In addition, a polyisobutylmethac- 
rylate film having a film thickness of 20 nm as an 
insulating layer and an Au semitransparent electrode 
having a film thickness of 25 nm were fonmed on the 

25 phenothiazine-TCNQ film to manufacture an organb 
thin film element 

When no voltage was applied^ the organic thin 
film layer of this element exhibited an orange color. 
When a voltage was applied to the organic thin film 

30 layer, the color of the layer changed to dark red at a 
voltage of about 30 V. 

Example 27 

35 An ITO transparent electrode having a film thick- 

ness of 400 nm and an SlOz film having a film thick- 
ness of 200 nm as an insulating layer were fomned on 
a quartz substrate main t>ody. A perylenetetracar- 
boxylic dianhydride film having a film thickness of 50 

40 nm was fonned on the resultant substrate, and an 
electron beam was radiated at an acceleration volt- 
age of 20 kV to form a rectangular pattem. The resul- 
tant substrate was dipped in tetrahydrofuran to 
dissolve a film at a non-radiated portk>n. A 

45 violanthrene film having a film thickness of 2 nm and 
a phenothiazine-TCNQ film having a film thidcness of 
about 30 nm were formed on the resultant substrate 
at a substrate temperature of SO^'C by the vacuum 
deposition method. In addition, a F>olyisobutylm thao- 

50 rylate film having a film thickness of 20 nm as an 
insulating layer and an Au semitransparent electrode 
having a film thickness of 25 nm were fomned on th 
phenothianize-TCNQ film to manufacture an organic 
thin film element. 

55 In this organic thin fOm lem nt, when no voltage 

was applied, the organic thin film layer on the region 
on which the perylenetetracarboxylic dianhydride film 
was patterned exhibited an orange color. When a volt- 
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age was applied to the organic thin film layer, the color 
of the layer on the same region changed to dark red 
at a voltage of about 30 V. 

Example 28 s 

An Ni film having a film thickness of 50 nm was 
fonmed on an Si substrate main body by an electron 
beam deposition method. The resultant substrate was 
exposed to ethylene gas for 150 to 300 Langmuir (to io 
be abbreviated to as L hereinafter) or more while 
being heated up to SSO^C, thisreby forming a carbon 
layer similar to graphite on its surface. A TCNQ film 
having a film thickness of about 100 nm was formed 
on the resultant substrate by the vacuum deposition is 
method. 

When the film was observed by the SEM, It was 
confimied that a unifonm continuous film in which the 
size of one domain reached 10 fim was fomrted. In 
addition, the orientation of the film was checked by the 20 
X-ray difTiraction method. As a result, it was confinned 
that noolecular planes on one side of TCNQ crystal 
unit cells having a heningbone structure were orien- 
ted parallel to the substrate surface. 

25 

Example 29 

A TiC film having a film thickness of 20 nm was 
formed on an Si substrate main body by a CVO 
method. The resultant substrate was exposed to 30 
ethylene gas for 150 to 300 L or more while being 
heated up to SSO'^C, thereby forming a carbon layer 
similar to graphite on its surface. A TCNQ film having 
a film thickness of about 100 nm was formed on the 
resultant substrate by the vacuum deposition method. 35 

When the film was obseived by the SEM, it was 
confirmed that a unifonn continuous film in which the 
size of one domain reached 10 jim was fornned. In 
addition, the orientation of the film was checked by the 
X-ray diffraction method. As a result, it was confirmed 40 
that molecular planes on one side of TCNQ crystal 
unit cells having a herringbone structure were orien- 
ted parallel to the substrate sur^ce. 

Example 30 45 

An Si02film having a film thickness of 20 nm was 
formed on the surface of an Si substrate main l>ody by 
a thermal oxidation method. A TiC frim having a film 
thickness of 20 nm was formed on one surface of the 50 
resultant sut>strate by the CVD method. The resultant 
substrate was exposed to ethylene gas for 1 50 to 300 
L or more while being heated up to 850*'C, thereby 
fonming a cart>on lay r similar to graphite on the TiC 
film. A methylphenazine-TCNQ film having a film ss 
thickness of about 30 nm was form don the resultant 
substrate by the vacuum deposition method. In addi- 
tion, a potyisobutylmethacrylate film having a film 



thickness of 20 nm as an Insulating layer and an Au 
semitransparent electrode having a fSm thickness of 
25 nm were formed on the methylphenazine-TCNQ 
film to manufacture an organic thin film element. 

In this organic thin film element, when no vdtag 
was applied, a stretching vibration absorption peak of 
a CN triple bonding of TCNQ according to a reflecting 
infirared spectrometry appeared at 2,200 cm-^ When 
a voltage was applied to the layer, the absorption 
peak was shifted to 2,185 cnrr^ at atx)ut 35 V. This is 
because the complex caused an ionic-neutral transi- 
tion upon application of the voltage. 



Claims 

1. An organic thin film element comprising: 

a substrate; and 

an organic thin film layer formed on said 
substrate and containing donor and acceptor 
molecules, characterized, in that said substrate 
comprises a substrate main body and a layer con- 
sisting of polycydic aromatic group nralecul s or 
a derivative thereof on a surface of the substrate 
main txxjy. 

2. An organic thin film element comprising: a sut>- 
strate; and 

an organic thin film layer formed on said 
substrate and containing donor and acceptor 
molecules, characterized in that said substrate 
comprises a substrate main body and a cartxsn 
layer having a graphite structure on a surface of 
the substrate main body. 

3. An element according to claim 1 , characterized in 
that said organic thin film layer containing donor 
and acceptor nKttecules consists of a mixed 
stacked charge-transfer complex. 

4. An element according to claim 2, characterized in 
that said organic thin film layer containing donor 
and acceptor molecules consists of a mixed 
stacked charge-transfer complex, 

5. An element according to claim 1 , characterized in 
that said layer consisting of polycydic aromatic 
group mofecules or a derivative thereof is formed 
by a vacuum deposition method. 

6. An element according to claim 1 , characterized in 
that said layer consisting of polycydic aromatic 
group molecules or a derivative thereof is formed 
by an adsorption method. 

7. An element according to claim 1 , characterized in 
that said layer consisting of a polycydic aromatic 
group moiecules or a derivative tiiereof is fonned 
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by a Langmuir-Blodgett method. 

8. And ment according to claim 1, characterized In 
that said layer consisting of polycydic aromatic 
group molecules or a derivative thereof is fomrted 5 
via a chemical bonding. 

9. An element according to claim 1 , characterized in 
that said layer consisting of polycydic aromatic 
group molecules or a derivative thereof is fomried io 
by heat polymerization. 

10. An element according to daim 2, characterized in 
that said carbon layer having a graphite structure 

is formed by thermally decomposing hydrocart>on 15 
adsorbed on the surface of said substrate main 
t)ody. 

1 1 . An element according to daim 1 , characterized in 

that said substrate is constituted by a transparent 20 
sut>strate main body, a transparent electrode, an 
insulating layer, and a layer consisting of polycyc- 
lic aromatic group rrK>lecules or a derivative 
thereof, and has a structure in which an organic 
thin film, an insulating layer, and a back electrode 25 
are sequentially formed thereon, and exhibis a 
display function. 

12. An element according to claim 11, characterized 

in that said organic thin film layer has a superlat- 30 
tice structure and exhibits a multi-value function. 

13. An element according to daim 2, characterized in 
that said substrate is constituted by a transparent 
substrate main body, a transparent electrode, an 35 
insulating layer, and a carbon layer having a 
graphite structure, and has a structure in which an 
organic thin film layer, an insulating layer, and a 
back electrode are sequentially formed thereon, 

and exhibits a display function. 40 

14. An element according to claim 13, characterized 
in that said organic thin film layer has a superiat- 
tice structure and exhibits a multi-value function. 

45 
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